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It was shown in two preceding papers of this series that certain aspects of 
the growth phenomenon may be evaluated in terms of the changes in nucleo- 
protein and its fractions. However useful such methods may prove to be, they 
are time-consuming and difficult technically. They also require destruction of 
the tissue and make it necessary to prepare many more cultures than would 
otherwise suffice. Additional information may be obtained by combining both 
chemical and radioactive analysis of the same cultures. 
A simple and reproducible method for estimating growth or some aspect of 
it without destruction of the tissue is highly desirable. The possibility of em- 
ploying the total uptake of tracer P"~ in this manner is indicated by the work 
of Cohn and Brnes (1). These investigators counted the p~s emission of the 
culture  directly  through  thin  windows  mounted  on  culture  bottles.  Their 
equipment was  difficult to  construct and more bulky than necessary. Their 
results showed that the specific activity of the inorganic phosphorus of cells 
in the culture became maximal and approximately constant between 15 and 
25 hours. The validity of such measurements should also follow from the work 
of Brnes, Rathburn, and Cohn (2) who measured the phosphorus depletion of 
the medium by the culture. The two methods should be approximately parallel 
provided the uptake is sufficiently large as compared with that portion of the 
turnover which is not related to the synthetic processes of growth. 
In  this paper is presented a  method for measuring  the uptake  of p3~ by 
tissue cells in vitro, and its evaluation in terms of its relation to other measures 
of growth phenomena. 
EXPE~NTAL 
The same cultures used in the two preceding papers of this series were employed in 
this study. They were set in roller tubes modified from those described by Willmer (3) 
as shown in Fig. I. The tube carried a constriction dose to the stopper and a side arm 
of about 4 ml. capacity into which the medium could be drained to remove it from the 
sphere of the tissue during radioassay. 
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The cultures were set on the side of the tube by arranging the uniform tissue flag- 
ments from an entire heart, and embedding them in a  minimal amount of plasma; 
~/z., 0.1 ml. of a mixture of fresh chicken plasma with 9 volumes of Tyrode's solution. 
This was placed as a thin layer over a considerable area which included all tissue frag- 
ments. The use of so small an amount of the clotting constituent minimized the re- 
tention of added tracer P~ in the dot. 
Determination of Tracer Uptake 
The  activity of P"  in  the  culture itself was  counted  through  the  culture  tube, 
using an all-glass Eck and Krebs type Geiger counter tube mounted on a  block of 
wood as shown in Fig. 2. A hole the size of the culture tube was bored parallel to the 
v 
FIC.  1.  Side arm  culture tube  (one-third actual size). 
FR;.  2. Diagram of counting assembly (one-sixth size). A, Geiger tube; B, culture 
tube; C, block of wood. 
counter tube and separated from it about 4 ram. In the region of the culture, a window 
was cut so that the radiation from the culture could enter the counter tube obstructed 
only by the wall of the culture tube, 4 ram. of air, and the wall of the Geiger tube. To 
avoid chilling of the culture during counting, the assembly was placed inside the in- 
cubator, and shielded carefully by a  14 gauge metal sheet. A  tube holder was fitted 
to the above assembly in such a  way that the lower portion of the culture tube con- 
taining the culture protruded for insertion under the counter tube. A hole was drilled 
in the tube holder to receive the side arm which contained the media. The constricted 
and stoppered part of the culture tube fitted in a groove for accurate positioning. This 
holder, when pushed into contact with the assembly, allowed the culture to be placed 
quite reproducibly under the counter tube while shielding the active culture medium 
from the latter. 
Reproducible drainage of the medium from the culture was achieved as follows: 
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through at least one complete revolution,  ending with the side arm downward. The 
tube was tipped so that the medium flowed into the sidearm; then it was placed on an 
inclined block in the incubator for 6 minutes. At the end of this time it was found that 
uniform counts were obtained  both with a tube containing  tissue and with one con- 
taining  only medium. The tube was then placed in the holder as described and the 
radioactivity assayed. 
For each assay, four 3-minute counts were taken,  recorded, and averaged.  If any 
of the counts showed a  variability  greater  than four times  the square  root of the 
number of counts, four additional 3 minute counts were taken, and all counts showing 
a variability  greater  than that stated were rejected as recommended  by Kamen (4) 
About one 3 minute count out of fifty ordinarily  required  rejection. 
The counts were corrected for background, for standard, for decay, and for relative 
absorption due to the culture tubes. The counter was calibrated  by means of a radio- 
active standard  containing  uranium acetate placed  in a  culture  tube and covered 
by Kronig cement (1 part bee's wax with 4 parts rosin). Two standards, used for about 
5 weeks were found to give reproducible results  within  the counting  error  of 3 per 
cenL The curves for counting error (5) were used after a few points on them had been 
confirmed experimentally.  Background values were determined  from an average of 
three l0 minute counts taken one at the beginning, one in the middle, and one at the 
end of each half day of counting. 
A  series of  30 culture  tubes were  calibrated  for relative  absorption  by placing 
in each a suitable sample of about 0.01 microcurie of pn held in a lead boat equipped 
with a long handle and wrapped in cellulose tape to avoid contaminating the culture 
tube. The open side of the boat was placed against  the culture-tube wall in the posi- 
tion usually  occupied by the culture,  and held in place by inserting the handle into 
a  rubber stopper  in the neck of the tube.  The counts registered  with the thinnest 
tube were  taken as the base  line and those  of all other tubes were multiplied  by 
an appropriate factor greater  than 1. 
The counts per second for each culture, corrected for the factors listed were divided 
by the original net weight of the tissue and expressed as counts per second per milli- 
gram of original tissue. 
RESULTS AND DlSCUSSmN 
Radioactive phosphorus in the culture medium would be incorporated into 
the tissues as a  summation of metabolic and chemical turnover and the syn- 
thetic activity related to the formation of new cells.  Incorporation would also 
occur in all the fractions of phosphorus occurring in the cells, and at a greater 
rate with those constituents which are more labile. Because the ps~ uptake is 
related to total phosphorus rather than to any single fraction, it may provide 
a  closer approximation in the evaluation of growth than would be true other- 
wise. The ability to determine the uptake by counting through the tube without 
disturbing the culture allowed serial measurements to be made on single cul- 
tures without destruction or contamination. 
The metabolic and chemical turnover is expected to be largely complete in 
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be closely related to new synthesis. As expected,  the cultures during the first 
24 hours after implantation showed a marked incorporation. The implications of 
the magnitude of this effect as related to growth are still not clear because cell 
proliferation was probably extensive during this time. 
Cultures in standard medium showed a markedly greater incorporation of 
tracer P~ than did corresponding  cultures in Tyrode's solution as shown in 
Fig.  3.  The  curves  of  incorporation  into  the  entire  culture  are  seen  to 
be  strikingly similar to  the  corresponding  curves  of incorporation into  the 
nucleic acid fractions.  1  The differences between standard and inadequate media 
shown are actually enhanced by taking into account the specific activity of the 
media. Inorganic phosphorus  analyses showed that the total content of this 
constituent in complete medium was about four times that in Tyrode's solu- 
tion when the radioactivity in both was about the same. With standard me- 
dium, the incorporation was taking place from a solution whose relative con- 
centration ot active phosphorus  was about one-quarter that in the Tyrode 
solution medium. Correction  for the specific activity is made in Fig. 3  by 
plotting the relative log P against time. Between 24 and 48 hours the uptake 
curves showed a lower slope than did the nucleic acid curves. This may have 
been due to loss of active materials from cells in the implant, since all cells 
incorporate significant  amounts of tracer in all fractions during the first 24 
hours after implantation. In non-growing cells, this effect is much more rapid 
with acid-soluble and phospholipid  fractions than with nucleic acid (6). Any 
cells which  underwent necrosis would not have incorporated large amounts of 
tracer in the nucleic acid fractions as compared with other fractions, and their 
disintegration would lower  the net total uptake more than the nucleic  acid 
fraction uptake. This process should also decrease  the slope of the ribonucleic 
acid curve more than the desoxyribonudeic acid curve,  as is apparent from 
the  curves  for these constituents in  standard medium? Comparison  of the 
curves  for the uptake in  the nucleic  acid tractions when Tyrode's solution 
made up the liquid phase, shows essential parallelism,  implying that the turn- 
over is much slower in this medium than in standard medium, a point which 
was developed earlier. 
A further factor tending to flatten the total uptake curve as compared with 
the nucleic acid uptake curves is the shrinkage of the clot, which necessarily 
contains at all times some of the tracer, but will hold less of it, the greater 
the shrinkage. 
Beyond 48  hours,  the  uptake curve with standard medium as measured 
through the tube, is essentially parallel with the curve for incorporation into 
nucleic  acids.  Considering  both media, it is most closely related in shape to 
the curve for P'DNA. This relationship suggests that mitosis is the predomi- 
nant factor in determining uptake. While cells may undoubtedly alter their 
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size and mass of protoplasm  without  undergoing mitosis,  this  effect may be 
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FzO. 3. Uptake pa counts per second per milligram of implant  tissue  converted 
to  relative  phosphorus  content. 
•  .  x  ,  standard  medium;  x  =  mean. 
.... o .... ,  Tyrode's solution;  o  =  mean. 
4, 6,  12, etc., number of samples used for calculating the mean. Vertical line in- 
dicates range for 95 per cent of the cases (7). 
If this  were  not  true,  the  uptake  curve should  record differences  caused by 
incorporation  into  other  fractions  greater  in  total  amount,  and  not  yield 348  TISSUE  CULTURE  STUDIES.  IV 
parallelism  with the P PDNA curve.  If the increases are due primarily to cell 
division in which the daughter cells regain the average size of the parents, the 
curves would be expected to be parallel. 
Since the culture is not destroyed by the analysis, the P~ uptake measured 
through the tube serves as a  good frame of reference within which different 
methods of evaluating tissue  culture growth and its various aspects  may be 
related to each other. By referring  each type of study to this measurement, 
variations between the different studies become apparent. 
SUI~[~[ARY 
An improved procedure  for measuring the uptake of tracer Y~ by tissues in 
culture is described.  It consisted of counting the B-emissions through a  spe- 
cially designed roller  tube in which  the culture medium could be effectively 
removed from the system without opening or damaging the cultures. 
In  standard  growth-promoting  medium,  the  uptake  was  shown  to  be 
markedly greater than in Tyrode's solution.  The uptake curve was found to 
be essentially parallel with the uptake of Y~ in desoxyribo-  and ribonucleic 
acids  when standard medium was used,  and in desoxyrihonucleic  acid when 
Tyrode's solution was used. This is interpreted to signify that the total uptake 
of tracer phosphorus approximates the growth in the culture. 
The value of uptake measurements as a frame of reference for comparison 
of various types of media and of metabolic studies is indicated. 
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